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M E M O R A N D U M  

J a n u a r y  4, 1980 

To : David Wright 

From: B i l l  Yake b?. 

S u b j e c t :  Renton STP C l a s s  I1 I n s p e c t i o n  

I n t r o d u c t i o n  

A Class I1 i n s p e c t i o n  was performed on October  30-31, 1979 a t  t h e  Renton 
was tewate r  t r e a t m e n t  p l a n t ,  P a r t i c i p a t i n g  were B i l l  Yake and E r i c  
Egbers  (DOE, Water and Wastewater Moni tor ing S e c t i o n ) ;  Dave Wright (DOE, 
Northwest  Regional  O f f i c e ) ;  and Ken Mosbaugh (EPA, Region X ) .  Richard 
F i n g e r  ( P l a n t  S u p e r i n t e n d e n t )  and members of t h e  o p e r a t i n g  and l abora -  
t o r y  s t a f f  r e p r e s e n t e d  t h e  f a c i l i t y  and a i d e d  i n  v a r i o u s  a s p e c t s  of 
sampl ing .  

The Renton t r e a t m e n t  p l a n t  i s  a  secondary  a c t i v a t e d  s l u d g e  p l a n t  de- 
s i g n e d  t o  t reat  a n  average  dry-weather f l o w  of 36 MGD. Average annual  
BOD and suspended s o l i d s  d e s i g n  l o a d i n g s  a r e  75,000 and 93,000 l b s / d a y ,  5 
r e s p e c t i v e l y .  Flows, a s  we1 1 as o r g a n i c  and s o l i d s  l o a d i n g s ,  t o  t h e  
p l a n t  a r e  i n c r e a s i n g .  H i g h e s t  month o r g a n i c  and suspended s o l i d s  over-  
l o a d s  a r e  97 p e r c e n t  and 190 p e r c e n t ,  r e s p e c t i v e l y .  

The p l a n t  d e s i g n  is  t y p i c a l  e x c e p t  f o r  t h e  f a c t  t h a t  t h e r e  a r e  no s l u d g e  
d i g e s t i o n  o r  hand l ing  f a c i l i t i e s .  Pr imary and w a s t e  a c t i v a t e d  s l u d g e  
are  p iped  t o  t h e  West P o i n t  p l a n t  f o r  d i g e s t i o n ,  Another u n i q u e  f e a t u r e  
o f  t h e  p l a n t  i s  e f f l u e n t  d e c h l o r i n a t i o n  w i t h  s u l f u r  dioxi.de i n j e c t i o n .  
E f f l u e n t  is  d e c h l o r i n a t e d  t o  abou t  .3  mg TCR/ 

C l o s e  o p e r a t i o n a l  c o n t r o l  a l l o w s  t h e  p l a n t  t o  g e n e r a l l y  meet e f f l u e n t  
l i m i t a t i o n s  d e s p i t e  i t s  over loaded  c o n d i t i o n .  Design f l e x i b i l i t y  and a  
un ique  c o n t r o l  s t r a t e g y  developed by t h e  p l a n t  s u p e r i n t e n d e n t  (Richard  
F i n g e r ) ,  coupled w i t h  f r e q u e n t  moni to r ing ,  make f o r  v e r y  e f f i c i e n t  p l a n t  
o p e r a t i o n  under  non-ideal  l o a d i n g  c o n d i t i o n s .  B r i e f l y ,  e f f l u e n t  q u a l i t y  
(BOD and suspended s o l i d s )  p r o v i d e  t h e  f i n a l  feedback f o r  c o n t k o l ,  SVI 
and o t h e r  s l u d g e  s e t t l i n g  c h a r a c t e r i s t i c s  a r e  used as pr imary  c o n t r o l  
pa ramete rs .  I n  g e n e r a l ,  SVI i s  k e p t  r e l a t i v e l y  h i g h  t o  p r o v i d e  h i g h  
o r g a n i c  entrapment  i n  t h e  secondary  c l a r i f i e r s .  T i g h t  c o n t r o l  i s  re- 
q u i r e d  t o  keep s l u d g e  s e t t l i n g  c h a r a c t e r i s t i c s  i n  a narrow range .  
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Design f l e x i b i l i t y  i n  t h e  p l a n t ' s  a e r a t i o n  b a s i n s  a i d s  i n  t h i s  c o n t r o l ,  
The a e r a t i o n  b a s i n s  c o n s i s t  of f o u r  b a s i n s  ( o r  p a s s e s )  o p e r a t e d  i n  
series. Numerous p r imary  e f f l u e n t  i n i e t s  a l l o w  a e r a t i o n  b a s i n s  t o  be 
o p e r a t e d  i n  p l u g  f low,  s t e p  feed ,  o r  c o n t a c t  modes. Waste a c t i v a t e d  
s l u d g e  (WAS) r a t e ,  r e t u r n  a c t i v a t e d  s l u d g e  (RAS) r a t e ,  a e r a t i o n  r a t e ,  
and a e r a t i o n  b a s i n  i n f l u e n t  d i s t r i b u t i o n  can  be  a l t e r e d  t o  p r o v i d e  the  
d e s i r e d  s l u d g e  c h a r a c t e r i s t i c s .  A t  t h e  t i m e  of t h e  i n s p e c t i o n ,  t h e  
p l a n t  was o p e r a t i n g  i n  a p l u g  flow mode w i t h  a  v e r y  low s l u d g e  age  ( 1  t o  
2 d a y s ) ,  The p l a n t  is  t y p i c a l l y  o p e r a t e d  w i t h  a low s l u d g e  age  t o  
p r e v e n t  i n - p l a n t  n i t r i f i c a t i o n  a s  a e r a t i o n  c a p a c i t y  i s  i n s u f f i c i e n t  t o  
p r o v i d e  f u l l  n i t r i f i c a t i o n .  

Thi.s i n s p e c t i o n  was  conducted on Tuesday and Wednesday. During t h i s  
p e r i o d ,  mixed l i q u o r  suspended s o l i d s  were b e i n g  i n c r e a s e d  t o  compensate 
f o r  o r g a n i c  l o a d s  which i n c r e a s e  from weekend t o  weekdays. 

The e f f l u e n t  i s  d i s c h a r g e d  t o  t h e  lower GreenjDuwamish R i v e r  ( segnen t  
04-09-09), a t i d a l l y  i n f l u e n c e d  r i v e r / e s t u a r y .  The p l a n t  d i s c h a r g e s  
n e a r  R i v e r  M i l e  (R.M.) 12. The Duwamish R i v e r  from R.M. 0 t o  R.M. 11 
( c o n f l u e n c e  w i t h  t h e  Black River )  i s  Class B. From R.M. 11 t o  t h e  l i m i t  
of  t i d a l  i n f l u e n c e  (abou t  R.M. 131, t h e  r i v e r  i s  Class A. The Five-Year 
S t r a t e g y  document c l a s s i f i e s  t h i s  segment as one which does  n o t  meet 
f e c a l  c o l i f o r m  and t u r b i d i t y  g o a l s  due t o  non-point s o u r c e s ,  and i t  i s  
unknown i f  g o a l s  w i l l  b e  met by app ly ing  BIG?, T h i s  c l a s s i f i c a t i o n  is 
i n a d e q u a t e  i n  some r e s p e c t s .  I n t e n s i v e  su rvey  work performed by t h i s  
s e c t i o n  o v e r  t h e  p a s t  s e v e r a l  months i n d i c a t e s  v i o l a t i a n s  of Class A 
( f i s h a b l e  and  swimmable) s t a n d a r d s  f o r  d i s s o l v e d  oxygen i n  t h e  Duwanish 
River  from t h e  p l a n t  t o  R.M. 2 .  I n  a d d i t i o n ,  t o t a l  c h l o r i n e  r e s i d u a l s  
i n  e x c e s s  oE t h e  EPA c r i t e r i a  l e v e l  have been found f o r  s e v e r a l  m i l e s  
below t h e  p l a n t  d i s c h a r g e .  Based on i n i t i a l  r ev iew of  t h e  d a t a ,  t h e  
Renton e f f l u e n t  a p p e a r s  t o  be  s u b s t a n t i  a1 l y  r e s p o n s i b l e  f o r  b o t h  of 
t h e s e  water q u a l i t y  problems. 

Over t h e  n e x t  few y e a r s  s e v e r a l  d e c i s i o n s  w i l l  have t o  be  a d d r e s s e d .  
I n c r e a s i n g  l o a d s  t o  t h e  a l r e a d y  over loaded  p l a n t  w i l l  r e q u i r e  t r e a t m e n t .  
The most l i k e l y  r e s o l u t i o n  w i l l  be enlargement  of t h e  e x i s t i n g  p l a n t .  
The w a t e r  q u a l i t y  i m p l i c a t i o n s  of i n c r e a s e d  e f f l u e n t  d i s c h a r g e s  w i l l  be 
impor tan t  c o n s i d e r a t i o n s  i n  p l a n t  d e s i g n  as w e l l  as d i s c h a r g e  l o c a t i o n .  
I n  a d d i t i o n  t o  p l a n t  enlargement ,  o n - s i t e  s l u d g e  d i g e s t i o n  i s  a l s o  be ing  
c o n s i d e r e d .  T h i s  is  a l s o  a  concern as i t  may a d v e r s e l y  a f f e c t  e f f l u e n t  
w a t e r  q u a l i t y .  To p r o v i d e  some of t h e  background d a t a  r e q u i r e d  t o  
a d d r e s s  t h e s e  i s s u e s ,  t h e  Northwest Regional  O f f i c e  r e q u e s t e d  t h a t  
compliance and r e c e i v i n g  w a t e r  s t u d i e s  be conducted by t h e  Water and 
Wastewater Moni tor ing S e c t i o n .  T h i s  compliance i n s p e c t i o n ,  t h e r e f o r e ,  
a d d r e s s e s  a wider  r a n g e  of concerns  t h a t  t h o s e  o r d i n a r i l y  a d d r e s s e d  
d u r i n g  a Class II i n s p e c t i o n ,  I n  a d d i t i o n  t o  t h e  i s s u e s  of pe rmi t  
compliance and l a b o r a t o r y  t e c h n i q u e s ,  t h e  f o l l o w i n g  are addressed :  
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1. The e f f e c t  of n i t r i f i c a t i o n  on the  p l a n t ' s  e f f l u e n t  BOD t e s t ;  

2. Long-term (20 day) e f f l u e n t  BOD t e s t s  and r a t e  cons t an t  de- 
te rmina t ion;  

3 .  Trace metal mass ba lance  i n  t h e  p l a n t ;  and 

4. Limited r ece iv ing  water  sampling. 

Findings and Conclusions 

Three 24-hour composite samples were c o l l e c t e d  us ing  po r t ab l e  samplers.  
Locat ions and o t h e r  d e t a i l s  a r e  s p e c i f i e d  i n  Table I. I n f l u e n t  and 
e f f l u e n t  samples were s p l i t  w i th  t h e  Renton l abo ra to ry  f o r  independent 
a n a l y s i s .  I n  add i t i on ,  t h e  Renton p l an t  c o l l e c t e d  t h e i r  usua l  eomposi t e  
samples. Because t h e  ord inary  volume was inadequate  f o r  sample s p l i t -  
t i n g  a t  t h e  p l a n t ' s  dechlor ina ted  e f f l u e n t  sample loca t ion ,  a n  auxiliary 
sampler was used. A por t ab le  composite sampler was s i t u a t e d  t o  w i thd r  
dech lo r ina t ed  e f f l u e n t  from t h e  sample channel of t h e  p l a n t ' s  in-place 
Chicago pump sampler.  This  was t h e  sample analyzed by DOE l a b o r a t o r i e s  
(Table 3 )  and t h e  sample denoted "spec ia lD '  by t h e  Renton l a b o r a t o r y  
(Table 3 ) .  

The r e s u l t s  of t h e  wastewater ana lyses  a r e  g iven  i n  Tables  2 and 3 .  I n  
genera l ,  t h e  p l a n t  appeared t o  be i n  compliance w i t h  BOD , TSS, c h l o r i n e  
r e s i d u a l ,  pH, and flow r e s t r i c t i o n s .  The permit  a l lows ?he p l a n t  t o  
i n h i b i t  n i t r i f i c a t i o n  i n  i t s  BOD t e s t .  This  w i l l  be  d iscussed  i n  d e t a i l  
l a t e r .  However, t h e  only BOD ana lyses  which exceeded t h e  r equ i r ed  
monthly average was Renton l a g o r a t o r i e s  un inh ib i t ed  a n a l y s i s  of t h e i r  
dech lo r ina t ed  e f f l u e n t  sample (15.3 mg BOD/ ) .  Other sample ana lyses  
ranged from 9  t o  14 mg/l. Both l a b o r a t o r i e s  r epo r t ed  suspended s o l i d s  
v a l u e s  f o r  t h e  Renton dechlor ina ted  e f f l u e n t  "spec ia l"  sample ( s e e  
above) somewhat i n  excess  (16.9 and 20 mg TSS/ l )  of t h e  monthly average 
permit  l i m i t a t i o n  (15 mg/l).  This  sample may have been b iased  as t h e r e  
w a s  evidence t h a t  t h e  sample j a r  overflowed, perhaps concen t r a t ing  
suspended solids, Campliance was marginal a s  o t h e r  repor ted  v a l ~ e s  
ranged from 14 t o  14.8. None of t h e  t o t a l  r e s i d u a l  c h l o r i n e  o r  pH 
v a l u e s  obta ined  during t h e  i n s p e c t i o n  exceeded permit  l i m i t a t i o n s ,  

One of two f e c a l  col i form samples c o l l e c t e d  dur ing  t h e  i n s p e c t i o n  con- 
t a ined  a  concen t r a t ion  (270 co1/100 ml),  exceeding t h e  monthly geometr ic  
mean l i m i t a t i o n  of 200 co1/100 m i .  Chlorine r e s i d u a l s  i n  t h e  con tac t  
chamber were high (2 mg/l) and con tac t  chamber des ign  and r e t e n t i o n  time 
appeared t o  be more than  adequate.  It is  not  c l e a r  why t h i s  excu r s ion  
occurred;  however, t h e  Renton l abo ra to ry  was record ing  h igh  f e c a l  co l i -  
form concen t r a t ions  a t  t h e  same time. A s i n g l e  c a l i b r a t i o n  of t h e  
p l a n t ' s  e f f l u e n t  flow measuring device  ind ica t ed  e x c e l l e n t  accuracy.  
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I n  gene ra l ,  then, t h e  p l a n t  was meeting permit l i m i t a t i o n s .  However, 
e f f l u e n t  c h a r a c t e r i s t i c s  were approaching NPDES l i m i t a t i o n s  i n  s e v e r a l  
a r eas ,  appa ren t ly  due t o  high i n f l u e n t  wasteloads.  

N i t r i f i c a t i o n  and BOD Permit L imi t a t ions  

A t  t h e  p re sen t  time, t h e  r e s u l t s  of n i t r i f i c a t i o n - i n h i b i t e d  five-day BOD 
t e s t s  a r e  used t o  determine compliance wi th  NPDES permit  l i m i t a t i o n s .  
The d e c i s i o n  t o  al low r e p o r t i n g  of carbonaceous BOD appears  t o  have been 
based on tests conducted a t  t h e  Renton p l a n t  l a b o r a t o r i e s  which ind i -  
ca t ed  n i t r i f i c a t i o n  was occu r r ing  i n  f i n a l  e f f l u e n t  samples c o l l e c t e d  by 
t h e  p l a n t ' s  automatic  sampler. P l a n t  super in tendent  Dick Finger  hypothe- 
s i z e d  t h a t  n i t r i f y i n g  popula t ions  were e s t a b l i s h e d  i n  t h e  sample c o l l e c -  
t i o n  l i n e  and were seeding e f f l u e n t  samples. 

To t e s t  t h i s  hypothesis  and a t tempt  t o  q u a n t i f y  t h e  e f f e c t s  of t h i s  
phenomenon, a  s e r i e s  of t e s t s  was performed. Two e f f l u e n t  samples were 
used: (1) A 24-hour composite of ch lo r ina t ed  e f f l u e n t  c o l l e c t e d  w i t h  
DOE'S p o r t a b l e  sampler;  and (2) a simultaneous 24-hour composite of 
dech lo r ina t ed  e f f l u e n t  c o l l e c t e d  w i t h  t h e  p l a n t ' s  p o r t a b l e  sampler which 
drew e f f l u e n t  from t h e  sample channel of t h e  p l a n t ' s  in -p lace  Chicago 
pump sampler.  Tota l  and carbonaceous five-day BOD t e s t s  were performed 
on each eEf iuent  sample. N i t r i f i c a t i o n  was i n h i b i t e d  i n  t h e  carbonaceous 
BOD t e s t s  by us ing  70 mg of Hach N i t r i f i c a t i o n  I n h i b i t o r  Formula 2553m 
(assumed t o  be 2-chloro, 6 - t r i c h l o r a ,  methyl pe r id ine )  pe r  l i t e r  of 
d i l u t i o n  water .  Tes t s  were f u r t h e r  subdivided, w i th  d i l u t i o n  wa te r  i n  
one c a s e  made up t o  Standard Methods s p e c i f i c a t i o n s .  Dup l i ca t e  t e s t s  
were run  excluding NH C 1  from t h e  d i l u t i o n  water  t o  prevent  any excess  

4 n i t r i f i c a t i o n  due t o  ammonium i n  t h e  d i l u t i o n  water .  Af t e r  reviewing 
t h e  r e s u l t s ,  i t  i s  apparent  t h a t  t h e s e  d u p l i c a t e  t e s t s  r e f l e c t  n e a r l y  
i d e n t i c a l  cond i t i ons .  The low d i l u t i o n  (1 : l )  used dur ing  t h e  five-day 
test r e s u l t i n g  i n  i n s i g n i f i c a n t  ammonium add i t i ons  due t o  d i l u t i o n  water  
ammonium, Tes t  d i l u t i o n s  were analyzed a t  t h e  beginning (0-day) and end 
(5-day) of t h e  t e s t  f o r  ammonia, n i t r i t e ,  n i t r a t e ,  and o rgan ic  n i t rogen .  
BOD was a l s o  ca l cu la t ed .  

The r e s u l t s  of t h e s e  t e s t s  a r e  presented  i n  Table 4, A-D, A s  expected,  
v i r t u a l l y  no change i n  n i t r o g e n  forms was de t ec t ed  i n  n i t r i f i c a t i o n -  
i n h i b i t e d  (carbonaceous) BOD t e s t s .  I n  add i t i on ,  ammonia was no t  de- 
t e c t a b l y  n i t r i f i e d  i n  t h e  un inh ib i t ed  samples c o l l e c t e d  w i t h  t h e  por- 
t a b l e  composite sampler.  There were d i f f e r e n c e s  i n  t h e  r epo r t ed  carbona- 
ceous and t o t a l  BOD r e s u l t s ,  b u t  based on the n t i t r i en t  t e s t s ,  t h e s e  were 
n o t  due t o  n i t r i f i c a t i o n ,  The discrepancy i s  probably due t o  imprec is ion  
i n h e r e n t  i n  t h e  BOD t e s t ,  

Table  5 sunmarized NOD r e s u l t s  f o r  a l l  t e s t s  conducted inc lud ing  long- 
term t e s t s .  NOD c a l c u l a t e d  from NO; and NO- gene ra t ion  i s  c m p a r e d  3 

OD c a l c u l a t e d  by s u b t r a c t i n g  carbonaceous from t o t a l  SOD r e s u l t s .  
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N i t r i f i c a t i o n  is  apparent  i n  t h e  samples c o l l e c t e d  wi th  t h e  Renton in-  
p l a c e  sampler.  Based on t h e  amount of n i t r i t e  and n i t r a t e  generated 
dur ing  t h i s  t e s t ,  t h e  ni t rogenous oxygen demand exer ted  was 6 t o  8 mgJ1. 
The d i f f e r e n c e  between i n h i b i t e d  and un inh ib i t ed  BOD r e s u l t s  was 2  t o  5 
mg/l. The l a c k  of p r e c i s e  agreement i s  a g a i n  probably due t o  impre- 
c i s i o n  i n  t h e  BOD t e s t .  It i s  a l s o  worth no t ing  t h a t  t h e  day 0 n i t r a t e  
and n i t r i t e  concent ra t ions  i n  t h e s e  samples were c l e a r l y  h igher  t han  
those  c o l l e c t e d  w i t h  t h e  po r t ab l e  sampler, sugges t ing  n i t r i f i c a t i o n  i n  
t h e  sampling l i n e  and/or  during holding p r i o r  t o  a n a l y s i s .  

The n i t r i f i c a t i o n  occurr ing  i n  t h e  dechlor ina ted  e f f l u e n t  sample may 
underes t imate  t y p i c a l  n i t r i f i c a t i o n  i n  t h e  p l a n t ' s  f i n a l  e f f l u e n t  
sample. Evidence f o r  t h i s  is  apparent  i n  conparison of t h e  n i t r a t e  
(NO;) v a l u e s  obta ined  by t h e  Renton l abo ra to ry  f o r  t h e i r  "normal" (1.59 
mg/ ) and "spec ia l"  (.09 mg/l) e f f l u e n t  samples (Table 3 ) ,  It appears  
t h a t  n i t r i f i c a t i o n  was e s p e c i a l l y  promoted i n  t h e  qtnormalre 'sample, One 
p o s s i b l e  exp lana t ion  f o r  t h i s  may be s idewall  growth on t h e  funnel  and 
sample tub ing  used t o  r o u t e  samples from t h e  c o l l e c t i o n  channel t o  t h e  
sample j a r .  T e s t s  w i l l  be conducted by t h e  Renton p l an t  personnel  t o  
c l a r i f y  t h i s .  I f  t h i s  i s  t h e  case,  t h e  p l a n t ' s  "normal" e f f l u e n t  sample 
may be more heav i ly  seeded wi th  n i t r i f e r s  t han  t h e  saqp le  obta ined  by 
DOE f o r  a n a l y s i s .  

I n  genera l ,  t h e s e  f ind ings  confirm t h e  hypothes is  t h a t  n i t r i f i e r s  i n  t h e  
Renton p l a n t  in-place sampler l i n e s  a r e  seeding  t h e i r  dech lo r ina t ed  
e f f l u e n t  sanples .  DOE p o r t a b l e  composite samplers and sampling l i n e s  
a r e  thoroughly cleaned a f t e r  each use. It is d i f f i c u l t  f o r  t h e  t r e a t -  
ment p l a n t  t o  adequately c l e a n  t h e i r  c o l l e c t i o n  l i n e s ,  

The absence of s u b s t a n t i a l  n i t r i f y i n g  popula t ions  i n  t h e  DOE sample 
sugges t s  t h a t  t h e  e f f l u e n t  was r e l a t i v e l y  f r e e  of n i t r i f i e r s .  Long term 
(20 day t e s t s  d i scussed  l a t e r )  d id  show NH NO- conversion,  b u t  no 

4 n i t r a t e  gene ra t ion  i n  t h i s  sample. R e c e i v ~ n g  wa$er work conducted 
b e f o r e  and a f t e r  t h i s  i n s p e c t i o n  i n d i c a t e s  s u b s t a n t i a l  n i t r i f i c a t i o n  i n  
t h e  r ece iv ing  water .  The r e s u l t s  of t h e s e  l abo ra to ry  tests i n d i c a t e  
t h a t  t h e  p l a n t  may no t  d i r e c t l y  be t h e  major source  of n i t r i f y i n g  
popula t ions  i n  t h e  lower GreenfDuwamish. The p l a n t  is, however, c l e a r l y  
t h e  major sou rce  of ammonia, 

The i s s u e s  surrounding t h e  use  of carbonaceous BOD r e s u l t s  t o  s a t i s f y  
NPDES permit  requirements  have been d iscussed  previous ly  (Bur l ing ton  
C las s  I1 Memorandum from Yake and Morhous t o  John Glynn, 1979)-  A t  
p r e s e n t ,  t h i s  i s  being allowed on a  case-by-case b a s i s ,  
appa ren t ly  being t h e  f i r s t  pe rmi t t ee  allowed t h i s  o p t i o n  i n  Washington 
S t a t e .  

A t e n t a t i v e  f i n d i n g  t h a t  n i t r i f i c a t i o n  of t h e  ammonia i n  t h e  Renton 
p l a n t  e f f l u e n t  i s  depress ing  d isso lved  oxygen concen t r a t ions  i n  t h e  
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lower Green/Duwamish would appear  t o  d i c t a t e  some permit l i m i t a t i o n  on 
NOD. An uninhib i ted  BOD test would probably n o t  accu ra t e ly  r e f l e c t  t h e  
in-stream e x e r t i o n  of oxygen demand. However, i t  now appears  t h a t  i n  
a d d i t i o n  t o  carbonaceous BOD t h e  p e r n i t  should address  e f f l u e n t  ammonia 
concen t r a t ions ,  

5 ' 

Long-Term (20 day) Carbonaceous and To ta l  BOD T e s t s  

C e n t r a l  t o  t h e  r ece iv inz  water  work being conducted by t h i s  s e c t i o n ,  i s  
a n  a t t empt  t o  model t h e  d i s so lved  oxygen regimen of t h e  lower Green/ 
Duwamish. An e a r l y  (1976) node1 was developed by John Yearsley (Region X, 
USEPA), Th i s  model was used a s  a s t a r t i n g  po in t  f o r  t h e  p re sen t  work. 
It was apparent  t h a t  s e v e r a l  of t h e  assumptions i n  t he  e a r l y  model were 
suspec t .  One of t h e s e  assumptions w a s  t h e  r a t e  cons tan t  f o r  t h e  s a t i s f a c -  
t i o n  of carbonaceous &OD. Yearsley had assumed a r a t e  cons t an t  of 
0,25/day (base  e ) .  This  i s  a r a t e  commonly a s soc i a t ed  w i t h  raw o r  
s e t t l e d  sewage, and appeared t o  be excess ive  f o r  a  secondary e f f l u e n t .  
To o b t a i n  a more accu ra t e  e s t ima te ,  long-term (20 day) carbonaceous BOD 
t e s t s  were conducted. Long-term t o t a l  BOD t e s t s  were run  s imul taneous ly  
f o r  comparison, 

Table 6 .  Long-Term BOD Resu l t s  (LO: l Di lu t ions )  

DOE Chlorinated Ef f luen t  Renton Dechlorinated E f f l u e n t  

Day Carbonaceous To ta l  Carbonaceous Tota l  
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Carbonaceous and t o t a l  BOD was measured a f t e r  5 ,  6 ,  7, 8, 12, and 20 
days. Chlor ina ted  (DOE) and dechlor ina ted  (Renton STP) e f f l u e n t  samples 
( a s  d iscussed  i n  t h e  preceding s e c t i o n )  were analyzed. N i t r i f i c a t i o n  i n  
t h e  carbonaceous t e s t s  was i n h i b i t e d  a s  prev ious ly  explained.  Resul t s  
f o r  10:l  d i l u t i o n s  a r e  t abu la t ed  i n  Table 6 and presented g raph ica l ly  i n  
F igures  1 and 2. Af te r  t h e  t e s t s  were completed, i t  was obvious t h a t  
s u b s t a n t i a l  n i t r i f i c a t i o n  had occurred i n  uninhib i ted  samples between 
t h e  5 t h  and 2 0 t h  day. The 20-day sample d i l u t i o n s  were t h e r e f o r e  
analyzed f o r  i no rgan ic  n i t rogen  forms, These r e s u l t s  a r e  g iven  i n  
Table 7, A-D. They a r e  compared wi th  t h e  r e s u l t s  of t h e  day 0 and day 5 
ana lyses  ( ad jus t ed  t o  r e f l e c t  t h e  d i f f e r e n t  d i l u t i o n )  descr ibed  i n  t h e  
preceding s e c t  ion .  

F igu re  1 presen t s  r e s u l t s  of long-term carbonaceous BOD t e s t s .  A s i n g l e  
curve  i s  f i t t e d  t o  t h e  r e s u l t s  of t e s t s  conducted on e f f l u e n t  samples 
c o l l e c t e d  dur ing  t h i s  i n spec t ion ,  A second s e t  of d a t a  from long-term 
BOD t e s t s  performed on an  e f f l u e n t  sample, c o l l e c t e d  on 9/18/79 i n  con- 
j u n c t i o n  wi th  r ece iv ing  water  s t u d i e s ,  i s  a l s o  presented ,  The base 10 
r a t e  cons t an t s  der ived  from t h e s e  t e s t s  were .048 and .029/day, re- 
s p e c t i v e l y .  These a r e  equiva len t  t o  base e  r a t e  cons t an t s  of .ll and 
.07/day f o r  an average of 0.09/day. This  cons tan t  i s  c l e a r l y  l e s s  than 
t h e  0.25 assumed by Yearsley and agrees  we l l  w i t h  v a l u e s  r epo r t ed  i n  t h e  
l i t e r a t u r e .  

F igure  2 p r e s e n t s  t h e  r e s u l t s  of long-term NOD t e s t s .  Here t h e  r e s u l t s  
a r e  somewhat more perp lex ing ,  Both s e t s  of samples appear t o  show a l a g  
per iod  be fo re  t h e  o u t s e t  of n i t r i f i c a t i o n ,  a l though a l l  i n d i c a t i o n s  a r e  
t h a t  n i t r i f i c a t i o n  i n  t h e  dechlor ina ted  sample ( c o l l e c t e d  by t h e  Renton 
STP p o r t a b l e  in-place sampler combination) began be fo re  n i t r i f i c a t i o n  i n  
t h e  ch lo r ina t ed  e f f l u e n t  sample c o l l e c t e d  wi th  t h e  DOE p o r t a b l e  sampler, 
probably due t o  seeding  by f ixed-f i lm n i t r i f e r s  i n  t h e  p l a n t ' s  sample 
l i n e .  A t  about day 8, t h e r e  i s  a s u b s t a n t i a l  depa r tu re  i n  NOD s a t i s f i e d .  
Table 7 r e v e a l s  a p o s s i b l e  explana t ion .  N i t r i f i c a t i o n  i n  t h e  ch lo r ina t ed  
sample r e s u l t e d  only  i n  NO- genera t ion ,  a l l  a f t e r  t h e  5 t h  day. The 2 
dech lo r ina t ed  sample generated p r imar i ly  NO- through t h e  5 t h  day but  
s u b s t a n t i a l  NO- by t h e  20 th  day, 

2 
3 

The d i f f e r e n c e  i n  response of t h e  two samples appears  t o  r e f l e c t  d i f -  
f  e r ences  i n  seeding popula t ions ,  N i t r i f i c a t i o n  proceeds i n  two s teps :  
(1) Ammonia ox ida t ion  t o  n i t r i t e  (NO-); and (2)  n i t r i t e  ox ida t ion  t o  
n i t r a t e  (NO*). Each s t e p  i s  by a d i s t i n c t  group of n i t r i f y i n g  
b a c t e r i a .  a p p a r e n t l y  n i t ra te - forming  b a c t e r i a  were absent  i n  t h e  ch lor i -  
na ted  e f f l u e n t  sample, whi le  present  i n  t h e  dech lo r ina t ed  sample. 

These r e s u l t s  have l imi t ed  a p p l i c a t i o n  i n  shedding l i g h t  on n i t r i f i c a t i o  
i n  t h e  r ece iv ing  water .  They do, however, suggest  t h e  f u t i l i t y  of 
a t tempt ing  t o  u se  l abo ra to ry  t e s t s  of NOD t o  determine in-stream r a t e  
cons t an t s .  In-stream, time-of-travel s t u d i e s  provide a  f a r  more accept- 
a b l e  e s t ima t ion  of r ece iv ing  water  NOD s a t i s f a c t i o n  r a t e s ,  
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I n  t h e  c a s e  of t h e  Renton e f f l u e n t ,  t h i s  i s  p a r t i c u l a r l y  i m p o r t a n t  
b e c a u s e  of t h e  r e l a t i v e  p o t e n t i a l  oxygen d e p l e t i o n s  a t t r i b u t a b l e  t o  
ca rbonaceous  and n i t r o g e n o u s  oxygen demands. Based on t h e  long-term 
carbonaceous  t e s t s ,  t h e  u l t i m a t e  BOD d u r i n g  t h i s  su rvey  was a b o u t  30 
mg/l .  The u l t i m a t e  s t o i c h i o m e t r i c  NOD was 6 7  t o  76 mg/l .  Rece iv ing  
w a t e r  work completed t o  d a t e  s u g g e s t s  t h a t  NOD s a t i s f a c t i o n  p rocedes  
much more r a p i d l y  t h a n  carbonaceous  BOD s a t i s f a c t i o n .  These two f a c t o r s  
s u g g e s t  t h a t  e f f l u e n t  ammonia c o n t r o l  i s  more c r i t i c a l  t h a n  c o n t r o l  of 
e f f l u e n t  carbonaceous BOD. 

T r a c e  Metals Mass Ba lance  

Concern h a s  been expressed  r e g a r d i n g  t h e  d i s c h a r g e  of t r a c e  metals by 
t h e  Renton STP. There  h a s  been s p e c u l a t i o n  t h a t  i f  t h e  p l a n t  went t o  
o n - s i t e  s l u d g e  d i g e s t i o n ,  trace m e t a l  c o n c e n t r a t i o n s  i n  t h e  e f f l u e n t  
migh t  i n c r e a s e .  I n  a d d i t i o n ,  o p e r a t i n g  modes which d e c r e a s e  w a s t e  
a c t i v a t e d  s l u d g e  (WAS) p r o d u c t i o n  might  a l s o  i n c r e a s e  e f f l u e n t  metals. 
To p r o v i d e  i n f o r m a t i o n  r e g a r d i n g  t h e  p r e s e n t  e f f i c i e n c y  of trace m e t a l s  
removal from t h e  waste stream, t r a c e  m e t a l s  c o n c e n t r a t i o n s  were  measured 
i n  t h e  i n f l u e n t ,  primary e f f l u e n t ,  and f i n a l  e f f l u e n t  ( T a b l e s  2  and 3 ) .  
T o t a l  and s o l u b l e  m e t a l s  c o n c e n t r a t i o n s  were measured i n  g rab  samples  
from pr imary  and secondary s l u d g e s  (Tab le  8 ) .  Based on  t h e s e  d a t a ,  t h e  
removal e f f i c i e n c y  of pr imary,  secondary,  and o v e r a l l  t r e a t m e n t  a r e  
e s t i m a t e d  below i n  Tab le  9. 

Tab le  9 ,  T r a c e  Metal Removal E f f i c i e n c i e s  

In£ l u e n t  Removed i n  Removed i n  
Loading Pr imary Sludge Secondary Sludge 3  O v e r a l l  Removal 

T r a c e  
He t a l  l b s l d a y  l b s / d a y  % Removal l b s / d a y  % Removal % ~ e m o v a l '  % Removal 2 

Nicke l  9,7 1 .21 12,5% 1 - 2 9  13.3% 25.8% 39 "2% 
Cadmium 3.2 -38 11,9% -86 26.9% 38.8% 43,8% 
Chromium 4  2 9.46 22,5% 14 .1  33.6% 56.1% 93% 
Lead 32 6.83 21.3% 9 - 4 1  29.4% 50.7% 5  4% 
Zinc  104 32.6 31.3% 2 2 - 3  21.4% 52.7% 8 3 ,  LX 
Copper 6 5  20.0 30.8% 27.1  41.7% 72.5% 86.5% 

' ~ a s e d  on  m e t a l s  l o s s  i n  s l u d g e s .  ' ~ a s e d  on m e t a l s  i n  e f f l u e n t .  3 ~ e e  t e x t .  
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Based on Table  9 ,  meta l s  r ova l  a c r o s s  t h e  primary and secondary po r t i ons  
of  t h e  t rea tment  system a r e  roughly equ iva l en t .  Also, i n  a l l  c a s e s  
removal e f f i c i e n c y  based on e f f l u e n t  vs .  i r d l u e n t  meta l s  l oad ings  i s  
h i g h e r  than  e f f i c i e n c i e s  based on meta l s '  l o s s  i n  was te  s ludges ,  This  
i s  probably due t o  t h e  f a c t  t h a t  mfxed l i q u o r  suspended s o l i d s  w e r e  
be ing  increased  t o  handle i n c r e a s i n g  i n f l u e n t  o rgan ic  load ing .  For t h i s  
reason ,  i t  i s  probable  t h a t  metals removal i n  secondary s ludge  is, on 
t h e  average,  h ighe r  than i n d i c a t e d  i n  Table 9. 

A s  can  be noted i n  Tables  8 and 10, most of t h e  meta l s  i n  b o t h  primary 
and secondary s ludges  a r e  i n s o l u b l e  ( i . e . ,  a s s o c i a t e d  w i t h  s ludge  s o l i d s  

Any a t tempt  t o  p r e d i c t  t h e  e f f e c t  of a l t e r e d  o p e r a t i o n a l  modes o r  on- 
s i t e  s ludge  d i g e s t i o n  would have t o  account f o r  equ i l i b r ium r e l a t i o n s h i p s  
between s o l u b l e  me ta l s  concen t r a t i ons  and mixed l i q u o r  s o l i d s  concentra- 
t i o n s  a s  w e l l  a s  WAS r a t e s ,  

The r e s u l t s  of f i e l d  and l a b o r a t o r y  ana lyses  of samples t aken  a t  t h r e e  
l o c a t i o n s  on t h e  Green/Duwamish a r e  given i n  Table  11. Samples were 
t a k e n  a t  t h e  fo l lowing  l o c a t i o n s :  

1, Green/Duwamish R ive r  a t  I n t e ru rban  Avenue Bridge (Renton 
Junc t ion )  0.4 m i l e  above t h e  Renton STP d i scha rge  p o i n t ;  

2 .  Green/Duwamish R ive r  bankside a t  Renton STP o u t f a l l ;  and 

3 .  Green/Duwamish R ive r  a t  F o r t  Dent Bridge 0.5 miles downstream 
of  t h e  Renton STP d i scha rge  po in t .  

I n  a d d i t i o n ,  t h e  r e s u l t s  of e f f l u e n t  ana lyses  are a l s o  inc luded  i n  
Table  11. The t iming of t h e s e  samples is important .  Under t h e  i n f l u e n c e  
o f  h igh  t i d e ,  t h e  Green/Duwamish backs up beyond t h e  Renton STP d ischarge ,  
The e f f l u e n t  pools  above t h e  o u t f a l l  u n t i l  t h e  t i d e  begins  t o  ebb, Th i s  
r e s u l t s  i n  a  b lock  of poor ly  d i l u t e d  e f f l u e n t  which moves downstream a s  
t h e  ebbing t i d e  releases it. Downstream (For t  Dent) sampling began a s  
t h i s  s l u g  began t o  move downstream. F i e ld  ana lyses  f o r  temperature ,  
d i s s o l v e d  oxygen, r e s i d u a l  c h l o r i n e ,  and s p e c i f i c  conduc t iv i t y  were 
t aken  t h r e e  t imes a s  t h e  e f f e c t  of poor d i l u t i o n  increased .  The r e s u l t s  
of  t h e s e  ana lyses  a r e  shown i n  F igu re  3 ,  When t h e  po in t  of minimum 
d i l u t i o n  was reached, a  grab sample was obtained f o r  l a b o r a t o r y  a n a l y s i s .  
Based on bo th  f i e l d  and l a b  ana lyses  of s e v e r a l  c o n s t i t u e n t s ,  t h e  s l u g  
conta ined  approximately 58% e f f l u e n t  a t  i t s  peak. River  flow a t  Renton 
j u n c t i o n  (upstream s t a t i o n )  was approximately 390 cf s. P l a n t  f low was 
about  44 MGD (68 c f s )  a t  t h e  t ime r i v e r  samples were taken,  These flows 
would, on t h e  average,  r e s u l t  i n  downstream e f f l u e n t  percentage  of about 
15%- 
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The f u l l  i m p l i c a t i o n s  of t h e  format ion  of t h i s  poor ly  d i l u t e d  s l u g  of 
e f f l u e n t  have n o t  y e t  been completely def ined .  However, i t  is c l e a r  
t h a t  t h e  a q u a t i c  environment i n  t h e  immediate upstream and gene ra l  down- 
s t ream v i c i n i t y  of t h e  e f f l u e n t  d i s cha rge  po in t  i s  s u b j e c t  t o  p o l l u t a n t  
peaks tw ice  d a i l y .  This  may be most c r i t i c a l  f o r  p o t e n t i a l  t o x i c s  such 
a s  ammonia and r e s i d u a l  ch lo r ine .  Temperature and d isso lved  oxygen 
e f f e c t s  may a l s o  be s i g n i f i c a n t .  

Review of Laboratory Procedures  and Techniques 

The l a b o r a t o r y  f a c i l i t i e s  and c a p a b i l i t i e s  of t h e  Renton t r ea tmen t  p l a n t  
a r e  e x c e l l e n t .  Procedures  f o r  BOD and suspended s o l i d s  were reviewed i n  
d e t a i l  ( s e e  Laboratory Procedura l  Survey).  Based on t h i s  review and 
comparison of s p l i t  sample r e s u l t s ,  procedures  appear  t o  be g e n e r a l l y  
v e r y  good, Severa l  r e l a t i v e l y  m i n a r  mod i f i ca t i ons  a r e  suggested: 

It appears  t h a t  BOD i ncuba to r  temperature  c o n t r o l  could b e  more 
t i g h t l y  monitored. Recording incuba to r  s e t t i n g s  and temperatures ,  
and us ing  a  thermometer i n  a  wa te r  b a t h  i n  t h e  incuba tor  a s  an  
a u x i l i a r y  temperature  c o n t r o l  would a i d  i n  t h i s .  

Suspended S o l i d s  

Drying of f i l t e r s  f o r  an hour r a t h e r  t han  one-half hour an  
of  t h e  f i l t e r  funnel  t o  wash any r e t a i n e d  s o l i d s  on to  t h e  f i l t e r  
would b r i n g  t h i s  a n a l y s i s  i n  l i n e  w i t h  recommended procedures .  



Class I 1  F i e ld  Rev Sampl e Col 1 e c t i  
r I n s t a l l a t i o n s  

Sampl er 
Date and Time 

1 .  Raw I n f l u e n t  10/30/79 - 114 Discharge end o f  d i v i s i o n  chann 
sample a1 i quo t :  250 m1/30 m i  ( nea r  Renton sample l o c a t i o n )  

2. Primary E f f l u e  Through catwalk a t  end of  combined 
sample a l i q u o t :  24 primary c l a r i f i e r  e f f .  channel 

(nea r  Renton sample l o c a t i o n )  

3. Chlor ina ted  E.ffluent /30/79 - 1015 Approx. I s t  upstream from weir  
sample a l i q u o t :  220 m1/30 m i  a t  d i s cha rge  end of  c h l o r i n e  

t a c t  chamber 

Fie1 d Data 

Parameter ( s  ) 

D . O . ,  TCR, Sp. Cond, pH, Tem 
D . O . ,  TCR 
D . O . ,  Sp. Cond, pH, Temp. 
D . O . ,  Sp. Cond, pH, Temp, 
D . O . ,  TCR, Sp. Cond, pH, Temp. 

D . O . ,  TCR, Sp. Cond, pH, Temp. 
D . O . ,  TCR, Sp. Cond, pH, Temp. 
D . O . ,  TCR, Sp. Cond, pH, Temp. 
D . O . ,  TCR, Sp. Cond, pH, Temp. 
D . O . ,  TCR, Sp. Cond, pH, Temp. 
TCR, Sp. Cond, pH, Temp. 
D . O . ,  TCR 
Sp. Cond, pH, Temp, 
Sp. Cond, pH, Temp. 
Sp. Cond, pH, Temp. 
Sp. Cond, pH, Temp, 

Grab S a m ~ l e s  

Lab Analysis  

Fecal Col i form 
Fecal col i form 
Trace  Metals + Hg 
Trace  Metals + Hg 

C O D ,  pH, Cond, S o l i d s ,  f lu t r (6)  
COD,  pH, Cond, S o l i d s ,  Nut r (6)  

10/30/79 - 1310 
10/30/79 - 1310 
10/30/79 - 1325 
10/30/79 - 1325 
10/31/79 - 0950 
10/31/79 - composi t e  
10/31/79 - 1015 
10/31/79 - 1035 
10/31/79 - Composite 
10/31/79 - 1105 
10/31/79 - Composite 

Sampl e Location 

Chlor ina ted  e f f l u e n t  
Dechlor inated e f f l u e n t  
Primary e f f l u e n t  
Raw I nf l uen t 
Bankside sample from Green 

River  nea r  d i s c h a r g e  
Green R. @ In t e ru rban  Ave. B 
Green R. @ F o r t  Dent Br. 
Green K. @ F o r t  Dent Br. 
Green R .  O F o r t  Dent Br, 
Chlor ina ted  e f f l u e n t  g r ab  
Chlor ina ted  e f f l u e n t  composi t e  
Dechlor inated e f f l u e n t  
Primary e f f l u e n t  g rab  
Primary e f f l  uen t  composi t e  
Raw i n f l u e n t  g r ab  
Raw i nf 1 uen t compos i t e  

Date and Time Sampl e Locat ion 

10/30/79 - 1015 Chlor ina ted  e f f l u e n t  
10/31/79 - 0950 Chlora in ted  e f f l u e n t  
10/31/79 - 1315 Primary s ludge  t a p  
10/31/79 - 1330 RAS = WAS, from r e t u r  

channel 
10/30/79 - 1335 Green R .  @ Ft .  Dent B 
10/30/79 - 1350 Green R .  @ In t e ru rban  Ave. 



pe: d rectangular weir a t  discharge end of contact c 

s: 1 2 7 n  length 

a .  eets standards c r i t e r i a ?  Explain: W 
es not appear to  be perfect1 t i s  level an 

w - ~  t h  measured flow excel 1 e 

ccuracy cheek: 

Actual * 
nstantaneous ecorder Reading Percent 

Fl ow s c r i p t  chart 1 ( Error 

34 MGD 

*Flow measured with magnetic flow meter a t  top-setting rod 

i n  acceptable 15% er ror  l imitation. 

-.-- Is i n  need o f  t a l ibra t ion .  



Table 2. Results from DOE Composite Samples 

The following t ab le  i s  a comparison of laboratory r e su l t s  from 24-hour composi t e ( s )  together 
with NPDES permit ef f luent  1 imitations. Additional r e su l t s  pert jnenl t a  t h ~ s  inspection have 
a lso  been included. 

Orv 
e a t i e r  

DOE Laboratory Results Renton STP Lab Results NPDESt . - - -  

Raw Primary Chlor. Raw Chlor. (Monthly 
Influent Effluent Effluent Influent Effluent average) 

BOD5 mg/l carbonaceous 
1 bslday 

BOD5 mg/l to ta l  
1 bslday 

TSS mgll 
1 bslday 

Total Plant Flow 
MGO 

COO (mg11) 
Fecal coliforms (#I100 ml) 

Total Residuai Chlorine 
(mgll) 
pH (S.U.) 

Dissolved O2 (mgll) 

Sp . Cond. (vmhos/cm) 

Temperature ("C) 

NH3-N (mgll) 

NO2-N (mgll) 

NO3-N (mgll) 
Organic-N (mg/l ) 

T o t a l 4  (mg/l) 

0-PO4-P (mgl7 1 
Tot. Phos.-P (mgll) 

Tot. Solids ( n g l l )  

Tot. N.V.S. (mgl?) 

T. Sus. Sol. (mg/l) 

TNVSS (mgll) 

Turbidity (JTU) 

Nickel (ngll  ) 

Cadmium (mg/l ) 

Chromium (mg19 ) 

Lead (mgll) 

Zinc (mgll) 

Copper (ng l l )  
Mercury (rngll 1 

' f ~ o n d u c t i v i t ~  (not Specific) 
Expi red Permit - 

'Grab Sample - 10/30/79 - 7015 L ~ r a b  Sample - 10/ 
"<"  i s  " l e s s  than" and ">" i s  "greater than" 



e s u l t s  from Renton STP Composite Samples 

BOD mg/7 (carbonaceous) 
1 bs?day 

BOD mg/l ( t o t a l )  
1 bslday 

TSS (mgll) 
I bslday 

Total Plant  Flow 
MGD 

COD (rng/7) 
Total Residual Chlorine 
(mg/l) 
Dissolved O2 (mg/S) 

pH (S.U.) 

Spec. Cond. (umhos/cm) 

Temperature (OC) 

NH3-N (rng/l) 

NCI2-N (rngll) 

NO3-N (mgfld 
Organic-N (mgfl) 

Total -N (mg/l ) 

0-PO4-P (rngl1) 

T-PO4-P (mgll) 

Total Sol ids  (mg/l) 

TNVS (rngll) 

TsS (mg/S) 
TNvsS bmg/l) 

Turbidity ( JTU)  

Nickel (mg/l ) 
Cadm i l ~ m  (mg f 4 ) 

Chromi urn (mg/S 1 
Lead (rng/t) 

Zinc (mg/'P) 

Copper Img/l) 

Mercury (mg/? b 

DOE Laboratory Renton STP Laboratory 
Results Results FIPDES 

Raw Dechlor. Raw (Monthly 
Influent Effluent Influent Gechlorinated Effluent average) 

3 , 8 0 0 ' ~ ~  63 
-- 0.295' 

0.322 

0.7" 7-?*  - - 6.2-7.4' 
7.2" 

6.9 7.3 

580 520 

See Table 2 

-- 
(2)  P0/31/79 - 1075 (3) See t ex t  (I) 90/38/79 - 1050 . . 

(4) Result verffied by re-anaiysis, apparent refractory or.!$nic effecting resul ts  

*Field Analysis - grab 

'conductivity (not  Specific)  
"<" i s  " l e s s  than" and "," i s  "greater than'" 
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Fable 10. Estimated Trace Me 1 s ' M a s s  Balance - Rento 

A. Source ( I n f l u  

Inf  1 uent 

B. Sinks (Sludges and Ef f luen t )  

Primary Sl udg 0.6224 
0,21 -03  0.16 -26 3.57 

-- 1 .OO -37 9$30 6 .8  -- 28.9 

Subto ta l  I 1.21 -38  9.46 6.83 32.6 20.0 

ge 1.4063 
Sol ubl e 1 -24 .06 . I 2  .6 2.47 .12 
Insol  ubl e 1.2  .86 14 9.4 20 27 - 

Subtota l  I 1 .29 .86 14.1 9.41 22.3 27. 

51 udge Total  I 2.5 1.2 23.6 16.2 54.9 47.1 

E f f l u e n t  1 35.21 5.9 .1 .8 2.9 14.6 17.6 8.8 

Total  I 8.4 .0  23.6-26.5 16.2-30.8 72.5 55. 



Table  11. Recei 

Green River Downstream - 
Renton SIP Bankside Green R i v e r  

Ave. Bridge E f f l  uent a t  O u t f a l l  a t  For t  Dent Br. 

Sp. Cond (umhos/cm) 

T. Chlor.  Res. (mg/l)  

Temperature ( O  C )  

COD (mg/l)' 

Total  Sol i d s  (mg/l )' 

TNVS (mg/? )' 

TSS (rng/l)' 

TNVSS (mg/l)' 

NH3-N (mg/l) f 

N O ~ - N  (mg/l 1.' 

N O ~ - N  ( r r~g /~  1' 

O r g a n i c 4  (mg/l)' 

Total  -N (mg/l) '  

O - P O ~ P  (mg/l)' 

T-PO4-P (mg1.1 ) t 

T u r b i d i t y  (JTUS)' 

F i  el d Analyses : 
(1) 10/30/79 - 1236 
( 2 )  10/30/79 - 1030 
(3 )  10/30/79 - 1230 ( 4 ~ )  l0/30/79 - 1335 

' ~ a b o r a t o r y  Analyses Compos i te Samp 


